(Continued from page 819.)
You now see that though my museum comprises several specimens of malformed hearts, there is but one of these which gave rise to cyanosis during life, and that one has a contracted pulmonary orifice. In the museum of the Eoyal College of Surgeons, which I intend to visit after lecture with those of you who have leisure to accompany me, there are ten specimens of cardiac malformation, while in only two of these cases does the catalogue allude to the existence of cyanosis during life. In both these specimens the pulmonary orifice is stenosed. What, then, is the significance of this association of pulmonary stenosis with the development of cyanosis in patients whose hearts are otherwise malformed ? The following experiment will probably suffice to explain the connexion.
I have liere a little apparatus consisting of two indiarubber syringe balls, A and B, united on one side at C, and communicating internally with one another at the point of contact. Each ball is fitted with a small funnel and stop-cock, cl, cl', to allow of its being filled with fluid, and each has also a rather wide nozzle or exit-pipe, e, c', which is likewise fitted with a stop-cock. In these two bottles are two coloured fluids, the one red and the other blue.
The specific gravity of both fluids is identical, and is very nearly the same as that of the blood, or about 1055. I now place the conjoined balls in this rack, and, opening the stop-cocks of the funnels, I rapidly fill both balls simultaneously perfectly full of the different coloured liquids. Let us suppose that A contains the red fluid and B the blue. I close the stop-cocks cl, d', open those of the nozzles c, e', and quickly compress both balls at once between 891 these two pieces of board. You observe that the red and blue fluids have only mingled to a slight extent, and that the colour of each is nearly pure. I now refill the balls as before, but this time I open the stop-cock e widely, while allowing e' to remain more than half closed. On again compressing the balls, you see at once that the fluid runs purple. The obstacle at e" has caused an inequality of pressure on the liquids in the two balls ; for recollect, both balls are under an equal amount of pressure, but the exit-pipe of A is free, while that of B is only half open. When both stopcocks are open equally, the pressure of the fluid in A counterbalances the pressure of that in B, so that there is but little admixture ; but when the stop-cock in the nozzle of B is wholly or partially closed, it is obvious that its contained fluid will be under increased pressure, and will naturally seek another mode of exit. This way of exit is afforded by the aperture of intercommunication, and thus the fluid in B is forced through this aperture into A, so that a large amount of admixture results.
Further, if we suppose the walls of the balls to be endowed with such properties as would presently tend to effect the obliteration of the aperture of intercommunication at C, it is obvious that the excessive quantities of fluid incessantly forced through this aperture in consequence of the semi-closure of the proper exit-pipe of B, would tend to militate against the closure of C, and to maintain it in a state of permanent patency.
Let us next apply the facts taught us by this simple experiment to the case of the heart itself. The two balls may be taken to represent the two auricles or the two ventricles, with an abnormal aperture of intercommunication in the interauricular or interventricular septum, as the case may be. For instance, the pressure exercised on the blood in the two auricles by their simultaneous systole is about equal, so that the patency of the foramen ovale will not imply any very large amount of admixture of arterial with venous blood so long as the normal passages of exit are perfectly free and open. Thus the blood in the right auricle will pass freely through the tricuspid valve into the right ventricle, and thence through the pulmonary orifice to the lungs ; while the blood in the left ventricle will also pursue an uninterrupted course through the mitral valve into the left ventricle, and so onward through the aortic orifice into the systemic vessels. There will, of course, be a slight amount of admixture at the point of contact through the open foramen ovale; but this admixture will not be sufficient to give rise to the phenomena of cyanosis, for the venous blood circulating in the systemic arteries, and the arterial blood circulating in the pulmonary ones, will only amount to a small fractional part of the total quantity of blood in the systemic and pulmonary arteries respectively. There will be a certain inconsiderable waste of power, and that is all.
But now suppose the tricuspid or pulmonary orifices are stenosed.
DR BIIYAN CHARLES WALLER'S [APRIL What, then, will be the consequence ? The blood will be, as it were, dammed up behind the affected valve; the right auricle and ventricle in the case of stenosis of the pulmonary valve, or the right auricle alone in the case of lesion of the tricuspid, will be engorged with blood, which cannot escape fast enough through the closed floodgates which bar its way to the lungs ; the pressure on the venous blood inside the over-distended cavities will be increased; that fluid will seek some other mode of exit, and, the foramen ovale being patent, a large quantity of non-aerated blood will pass into the left auricle, and thence into the left ventricle, aorta, and systemic arteries, and so a condition of extensive venosity of the arterial circulation will be established. Further, in consequence of the block on the right side of the heart, the venous blood returning through the venre cavre will accumulate in these vessels, causing engorgement not only of the larger venous trunks, but also of the smaller systemic vessels which empty themselves into these main conduits. So, not only will venous blood circulate in the arteries, but this grave state of matters will be rendered still graver by the obstacle to the venous return; unaerated blood will stagnate in the systemic veins and capillaries; the way to the lungs being well-nigh closed, only a portion of the blood in need of aeration will reach them; even this portion will not be supplied to the tissues in a pure state through the systemic arteries ; the main bulk of the blood in the patient's body will become deoxydized, and the issue will culminate in the production of cyanosis.
When the aorta arises from both ventricles, the conditions are somewhat similar; though, even apart from pulmonary stenosis, we should naturally suppose that the degree of admixture of blood would be greater.
Again, the general effects are very similar if the obstruction is situated in the lungs themselves. In some instances patients not usually cyanotic have become so on contracting an attack of bronchitis. In these persons some communication has probably always existed between the two opposite sides of the heart, though this has not of itself proved sufficient to give rise to cyanosis; but as soon as the pressure on the right side of the heart has been raised by the obstruction to the passage of blood through the lungs, the conditions of intermixture in the systemic arteries and engorgement of the systemic veins have sufficed to ? cause lividity of the cutaneous surface.
From the evidence of most authorities, as well as from the results of my own experience, stenosis of the pulmonary orifice, or congenital smallness of the pulmonary artery, appear to be the conditions most frequently associated with developmental cardiac malformations in the production of cyanosis. Congenital smallness of the pulmonary artery is itself an example of developmental failure; but stenosis of the pulmonary orifice appears in the majority of cases to be due not so much to malformation as to endocarditic or inflammatory changes. You will remember that during extra-uterine life, endocarditis affects principally the left side of the heart, and the probable reasons for this preference are to be sought in two facts: firstly, that during independent existence, the left cavities have a greater amount of work to perform and friction to undergo, since upon them devolves the task of propelling the blood through the greater or systemic portion of the circulation; and, secondly, that the left cavities then contain the arterial or oxygenated blood, which appears to be of a more stimulating nature than the venous. Now, if we refer to the arrangement of the foetal circulation, we see that during intra-uterine life many of the conditions of the two sides of the heart are reversed; and, accordingly, endocarditis in the foetus is more frequent on the right side, for the same reasons which determine its selection of the left side after the birth of the individual.
Endocarditis of the pulmonary valve produces the same effects in the direction of fibrous thickening, contraction, or adhesion of cusps either to one another or to the walls of the vessel, which are more familiar to us in the case of the aortic valve. These changes may entail either incompetence or stenosis; and though, so far as my experience extends, the condition has invariably been one of stenosis, yet I have no doubt that specimens of incompetence are occasionally met with.
In both lesions alike, the effects as regards cyanosis would probably be identical in kind, though possibly more marked in degree in the case of stenosis.
In the experiment with the syringe balls I explained to you how permanent total or partial closure of the proper exit pipe of one of them would tend to perpetuate the aperture of intercommunication, supposing this aperture normally tended to close after a while. Applying this explanation to the case of the heart, you will be able to see how stenosis of a principal orifice, such as the pulmonary, may become a source of permanency of the ductus arteriosus and foramen ovale, or of imperfection in the septum ventriculorum. The blood from the foetal right ventricle will be unable to reach the lungs through the pulmonary artery, and these organs will be supplied from the aorta through the ductus arteriosus and bronchial arteries. Thus after birth the ductus arteriosus will be prevented from closing, because upon it the lungs will be dependent for a large part of their blood supply.
Again, the engorged state of the right side of the foetal heart will keep the foramen ovale widely patent, and tend to prevent the proper development of the ventricular septum; the overloaded right side will discharge its pent up contents into the left side through these orifices, which will thus become enlarged and remain persistent after birth. In this way pulmonary stenosis [APRIL may at times occupy not merely a concurrent, but a causatory relation to the malformations associated with it in the production of cyanosis. The same observations would equally apply were the stenosis situated on the left side of the heart.
Let us now devote a few moments to the mechanism of those rarer cases where the obstruction lies on the left side. Supposing, for instance, the foramen ovale is patent, and the aortic orifice stenosed. The blood-pressure in the left auricle and ventricle will be in excess of that in the cavities on the right; the arterial blood, which were the aortic valves normally pervious would lind its way into that vessel, now passes through the open foramen ovale from the left auricle into the right, and from thence through the right ventricle and pulmonary artery to the lungs, thus excluding from these organs a portion of the venous blood from the vense cavee which requires re-aeration. Thus the pulmonary arteries are supplied with a quantity of arterial blood which stands in no need of aeration, and are prevented from receiving for aeration a large proportion of the venous blood which actually requires it. Further, from the block on the left side of the heart the lungs are actually passively engorged with arterial blood ; and the pulmonary engorgement acting backwards through the right side of the heart, the venous blood accumulates in the venre cavce, and the systemic veins become engorged. Lastly, there is arterial an?emia in front of the occluded aortic orifice, and thus a condition of lividity of the cutaneous surface is produced. Possibly, as an attempt at partial remedy of this serious state of matters, the ductus arteriosus may remain open, when the aorta will be supplied with the mixed blood circulating in the pulmonary artery ; but though this imperfect compensatory effort may indeed serve to augment the chances in favour of the maintenance, for a time, of a precarious existence, it will in no way obviate the cutaneous lividity. The conditions are much the same in those excessively uncommon cases, where the isthmus uortce is the seat of the occlusion?though here, probably, the head, neck, and upper extremities may be a trifle better supplied with arterial blood. The supply of the lower extremities is provided for from the pulmonary artery through the patent ductus arteriosus. Quite as rare are those strange cases to which I have before alluded, where the pulmonary artery and aorta are transposed with relation to their origin from the ventricles. The pulmonary and systemic circulations are entirely shut off from one another, the former containing arterial, the latter venous blood only. As in the two cases I have cited, life may be maintained for a few months or even years after birth if a large opening exists in the inter-auricular or inter-ventricular septa; but the subject must necessarily suffer from venosity of blood in an extreme degree, and could scarcely, one would think, under any circumstances survive beyond the period of later infancy. In my earlier professional career, before I relinquished general practice, I was called out one night to a midwifery case, and encountered an instance of lateral presentation. I delivered by turning, and brought into the world a very fairly nourished male child, which, however, evinced no disposition to breathe. On applying artificial respiration the hue of the cutaneous surface gradually became livid. Presently the child began to breathe naturally, but instead of vanishing, the cyanosis deepened, and it died in less than two hours after birth.
No post-mortem was allowed, very much to my regret; for I have a shrewd suspicion that an autopsy would have revealed a condition of transposition of the principal arteries, or some other closely analogous malformation. Permanent patency of the ductus arteriosus is sometimes met with alone, when it is supposed to be due to some previous obstruction in the pulmonary circulation. More commonly, perhaps, it occurs in combination with other conditions. If the pulmonary orifice is stenosed, the foetal lungs are supplied with blood from the aorta through this channel as well as through the enlarged bronchial arteries. If the stenosis affects the aortic opening or the isthmus ciortce, the whole systemic circulation in the first case, and that of the lower extremities in the second, is supplied by this channel with blood from the pulmonary artery. Not unf'requently it is coexistent with openings in the septa between the right and left sides of the heart. Permanent ductus arteriosus with extreme aortic or pulmonary stenosis might probably be sufficient in itself to give rise to cyanosis; but, so far as my own observations extend, I have hitherto always seen it either in combination with some third lesion, such as patent foramen ovale, or else altogether alone and apart from any connexion with cyanosis, in which case its lumen was invariably small.
The mechanical conditions in those cases where the right or left ventricle is congenitally small and undeveloped are very similar to those of aortic or pulmonary stenosis. The undeveloped ventricle is connected with an undeveloped vessel, so that the obstructive conditions are practically identical.
As a general rule, cyanotic lividity is congenital. But, as we mentioned when speaking of the development of cyanosis during attacks of bronchitis, it occasionally manifests itself for the first time at a later period of life in consequence of some incidental obstructive condition of the lungs, cardiac valves, or great vessels being superadded to congenital cardiac deficiencies. Thus an individual with a patent foramen ovale may possess a complexion of normal hue until he suffers from an attack of rheumatic fever with endocarditis ; he may then become cyanotic, and remain so for the rest of his life. The endocarditis has affected one of the valves of the heart, probably on the left side; the valvular lesion has led to engorgement of the lungs, increased pressure 011 the blood in the left auricle, and consequent free admixture of arterial [APRIL with venous blood through the open foramen ovale, as well as to arterial ansemia in front of the affected valve. Thus pulmonary and venous congestion are superadded to the original malformation ; the admixture of arterial with venous blood is greatly increased ; and so a cyanotic appearance begins to manifest itself, which is further intensified by the pallor of arterial anaemia. Obstructions in the lungs from pulmonary disease, and in the large arteries from such causes as atheroma and aneurism, may in like manner act as determining causes.
We are now in a position to group the causes of cyanosis under the two broad heads of Predisposing and Determining :?
As Predisposing causes we may enumerate the various cardiac malformations already described; and as Exciting or Determining causes, all obstructive conditions situated in the cardiac valves, the pulmonary artery, the lungs themselves, and the great arterial and venous trunks.
Granted a fairly marked congenital cardiac malformation, plus a condition of obstructed circulation, and you have the essential elements for the production of cyanosis.
The question has often been mooted whether the lividity of the skin is due to the admixture of blood or to the circulatory obstruction. From what I have previously said, you will probably gather that the true solution is to be sought in the mean between these two extremes. There are cases on record where, from the very nature of the malformation, there must have been thorough admixture of arterial and venous blood, and yet, in spite of all this, the hue of the skin has remained normal. For example, thorough admixture must take place in a univentricular heart, with 110 tricuspid valve and an unclosed foramen ovale. Yet, I have read of at least one such case where cyanosis was conspicuous in its absence. On the contrary, cutaneous lividity is seldom so marked and permanent as to constitute actual morbus cajruleus, unless there be some congenital deficiency in the heart itself. Accordingly it appears reasonable to assign to both conditions a joint share in its production.
With regard to the symptoms of cyanosis, the first and chief, but by no means the only one, is of course the discoloration of the skin. The temperature of cyanotic patients is low; in extreme cases the thermometer placed in the mouth may not register more than 7'7? Fahr. They exhibit extreme sensibility to external cold, and require a warm atmosphere and plenty of clothing. They are subject to bronchitis, palpitation, dyspnoea, and syncope from slight causes of excitement. The tips of the fingers and toes generally become clubbed, and the nails are convex and incurved. Malformation and imperfect development of the generative organs is not uncommon. The cutaneous lividity deepens 011 the occurrence of anything which disturbs or excites the circulation, such as crying, coughing, mental and physical excitement, and other like causes.
The heart sounds are normal, except in those cases where there is valvular disease. The intellectual faculties are dull; tlie physical development is stunted, and the general disposition is sluggish and torpid. Cyanotic children rarely live long; but exceptionally they may reach puberty, or even adult life. A fatal termination is usually announced by the occurrence of bronchitis, bronchorrhoea, haemoptysis, pulmonary congestion, nervous disturbances, and dropsical effusions into the serous cavities. Death is seldom sudden, and usually supervenes as a gradual consequence of one or more of these causes.
Rokitansky considers that cyanotic patients possess a perfect immunity from tuberculosis ; but a case of Dr Peacock's, described in the Pathological Society's Reports for 1848, in which cyanosis and tuberculosis of the lungs were coexistent, affords conclusive proof that this dearly-purchased immunity is by no means absolute. From some unexplained cause cyanosis is more frequent in males than in females.
Such, Gentlemen, are the principal features of this interesting condition. In all its forms it is somewhat rare, and possibly, on this account, some of you may be disposed to regard it as of minor importance to the physician?that is to say, if any one of the many ills which flesh is heir to can with propriety be relegated to the background by those whose special duty and privilege it is to investigate and to combat them. But, on the other hand, it possesses a special interest to the pathologist, from the fact of its connexion with a most remarkable series of developmental failures affecting the central organ of circulation. These spoiled samples, as we may call them, from the cardiac department of Nature's laboratory afford important information as to the manner in which she works in the production of perfect ones; they serve to elucidate the several steps in the complex process by which a highly differentiated organ like the mammalian heart is built up, first from a mass of cells, and afterwards from a straight tube with simple dilatations. They show us how developmental arrests at different periods of fcetal growth produce different effects in the direction of permanent malformation; and they enable us rightly to estimate the wonderful nature of those physical adaptations in the embryo upon which the future perfection of the separate individual is dependent.
Do not suppose that this knowledge is unimportant because it possesses to-day what it is the fashion to call a " merely scientific interest."
To-morrow, perhaps, it may become of practical importance by enabling us to counteract those unfavourable conditions to which these cardiac malformations owe their origin. You may perhaps be inclined to think this surmise Utopian, but science has already accomplished things as wonderful. Who in past ages would have dreamt that the power concerned in so apparently insignificant an incident as the attraction of small pieces of paper by a glass rod or a stick of sealing-wax rubbed vol. xxvi.?no. x. 5 x 898 LECTURE ON CYANOSIS.
[APRIL with a silk handkerchief would one day enable us to annihilate distance, to outspeed Puck, and to put a girdle round the earth in far less than forty minutes? Before the days of Jenner, who would have imagined that a slight cutaneous affection of the udders of cows was destined to be the instrument in the hands of science in stamping out one of the most hideous scourges that ever afflicted mankind ? Do not, therefore, disregard theoretical knowledge because it appears at the instant to have few practical applications. The whole history of mankind is but one long sermon on the poet's text,?
